Abstract: Understanding the nature of frequent floods is important for characterising channel morphology, riparian and aquatic habitat, and informing river restoration efforts. This paper presents results from an analysis on frequency estimates of low magnitude floods using the annual maximum and partial series data compared to actual flood series. Five frequency distribution models were fitted to data from 24 gauging stations in the Great Barrier Reef (GBR) lagoon catchments in north-eastern Australia. Based on the goodness of fit test, Generalised Extreme Value, Generalised Pareto and Log Pearson Type 3 models were used to estimate flood frequencies across the study region. Results suggest frequency estimates based on a partial series are better, compared to an annual series, for small to medium floods, while both methods produce similar results for large floods. Although both methods converge at a higher recurrence interval, the convergence recurrence interval varies between catchments. Results also suggest frequency estimates vary slightly between two or more partial series, depending on flood threshold, and the differences are large for the catchments that experience less frequent floods. While a partial series produces better frequency estimates, it can underestimate or overestimate the frequency if the flood threshold differs largely compared to bankfull discharge. These results have significant implications in calculating the dependency of floodplain ecosystems on the frequency of flooding and their subsequent management.
Introduction
Flood frequency estimates are of prime importance in many water resource planning and management projects such as design of infrastructure, flood insurance studies, floodplain management and ecological studies [1, 2] . In the past, research on flood frequency has focused on the estimation of extreme flood events because of their large and often dramatic impacts on society and visible economic costs. Conversely, the importance of frequent, low-magnitude floods is often overlooked. For example, despite their high erosive power, large floods transport a relatively small proportion of total sediment loads to the marine environment because they occur less frequently. In many catchments, floods occurring on average once a year account for 50% of total sediment loads [3] . While large floods are usually responsible for channel avulsions, levee breaches, and transporting large bed-load sediments, frequent floods (e.g., recurrence interval of one or two years) are primarily responsible for controlling channel morphology because of their frequent nature and ability to erode and transport large volumes of fine sediment. Frequent floods are especially important for riparian and aquatic biodiversity [4] [5] [6] [7] [8] . Frequent, low-magnitude floods also indirectly shape communities by acting as a disturbance agent by altering nutrient distribution, rearranging sediment and removing individual organisms, creating patchiness that fosters biodiversity [9] . Furthermore, comparatively frequent floods that overtop channel banks provide a connection between the river and its floodplain, exchanging nutrients, organisms, and sediment [4, 10, 11] . Recognising the geomorphic and ecological importance of high-frequency floods, river restoration practitioners have identified floods with recurrence intervals typically in the range of one to two years as an important consideration in channel design criteria [12] . Given the significance of high-frequency floods for channel morphology, ecology, and restoration, changes in flood regimes will have important implications for channel process, function, and management.
Previous studies used both the annual maximum (AM) and peak over threshold (POT) series (commonly known as partial series) to estimate flood frequency in Australia (e.g., [13] [14] [15] ) and elsewhere (e.g., [16] [17] [18] ). The advantage of the AM series is that flood events can be considered independent, flood data can be extracted easily and frequency distributions generally conform to theoretical distributions. The advantage of the POT series is that it produces more data points, which are particularly useful when the period of stream-flow record is short. The Institution of Engineers Australia (IEA) recommends the use of the POT series for estimating the magnitude of small floods as it provides better estimates of frequent floods [19] . However, the use of the partial series has been less popular because of the complexity in choosing the threshold above which a flow is designated to be a flood [20, 21] . As there is no unique threshold value which best defines the partial series, an iterative approach is generally used [22, 23] . Typically, small flood thresholds increase the number of events designated as being floods, providing a larger statistical sample that may improve flood frequency estimates. However, as the number of flood events increase, the likelihood that they will be independent decreases. Because of greater computational convenience and avoidance of dependence between floods, AM series are often preferred over POT series. However, none of the previous studies evaluated estimates of the AM and POT series compared to an actual flood series.
The main contribution of this study to the international literature is to quantify bankfull discharge and build an actual flood series for an individual catchment. This information can be used to assign flood threshold values in the POT approach, thereby reducing one of the key sources of uncertainty in using this approach. Reducing the uncertainty in assigning flood thresholds using the POT approach provides a firm basis for better understanding differences in the results from the annual and partial series methods. Findings of this study will greatly improve flood frequency estimates for low magnitude floods in catchments adjacent to the Great Barrier Reef (GBR) lagoon and the method is applicable to any river catchment across the world. This manuscript is structured as follows: Section 2 describes the study area and methods. The results of this study are presented in Section 3 and a discussion is provided in Section 4. The main findings and conclusions of the study are presented in Section 5.
Materials and Method

Study Area
This study focused on the catchments adjacent to the GBR lagoon, herein known as the 'GBR lagoon catchments'. The GBR extends approximately 2000 km along the north-eastern coast of Australia from latitude 9 • S in the north to 24.5 • S in the south (Figure 1 ). The GBR lagoon consists of 40 catchments covering a total area of approximately 426,000 km 2 and the boundaries of the catchments are delineated to the west by the Great Dividing Range and to the east by the coast immediately adjacent to the GBR lagoon [24] . The size between catchments varies greatly with areas ranging from 533 km 2 (Mossman; 109 in Figure 1 ) to 142,460 km 2 (Fitzroy; 130 in Figure 1 ). The majority of the catchments are unregulated and about 1.7% of the total catchment area is wetlands. The GBR catchments are considered especially important because they support a large number of remnant floodplain wetlands and the ecological health of these wetlands rely on flood pulses [11, 25, 26] .
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Data
Streamflow monitoring gauges are operational in 38 of the 40 GBR lagoon catchments, and many of them have more than one gauge. To quantify flood frequencies across the region, gauges located on or closest to the floodplain areas were selected and, for rivers with more than one gauge on the floodplain, the most downstream gauge was selected. Observed stage height and discharge data for the selected 38 gauges were obtained from the Queensland Government Department of Natural Resources and Mines (DNRM). Initially, data were trimmed to the July to June "water year" and then investigated for any missing or unreliable values based on a quality code obtained from the DNRM. If any missing or poor quality data were found in the plausible flooding period (December to May), data for that particular year were excluded from the analysis. Stage-discharge relationships were investigated for all 38 gauges and data that showed a single relationship between stage and discharge were selected. To avoid any inconsistency in rating curves, pre-1980 data were excluded from subsequent analyses. Finally, gauges having less than 10 years of flow data were excluded. This reduced the number of gauges that were used to estimate flood frequency to 24 ( Figure 1 ). The mean and median data lengths for the selected gauges were 29 and 32 years, respectively, and the catchment areas varied from 1044 to 81,659 km 2 (10th percentile to 90th percentile) with a median area of 2792 km 2 .
Flood Series
In this study, three flood series were used, namely annual maximum (AM), peak over threshold (POT) and bankfull (BF) to estimate frequency of small magnitude floods. To construct a flood series dataset, previous studies used both the daily mean (e.g., [14, 17, 19] ) and daily instantaneous maximum (e.g., [18, 31] ) discharge data. None of the studies identified any particular difference in magnitude-frequency relationship based on whether daily mean or daily instantaneous maximum flow was used to generate a flood series. However, daily mean flow is often preferable because the derived magnitude-frequency relationship can be directly linked to results from river system models which are typically operated at a daily timestep. As recommended in the latest edition of Australian Rainfall and Runoff [19] , daily mean flows were used to extract AM, POT and BF series. All three flood series were extracted from the same set of daily flow time series using an appropriate method as described below.
The AM flood series is based on the maximum daily mean flow in each water year. The AM method considers a single maximum discharge in a year and excludes all other historical floods in the same year (if any). The extraction of the AM flood series is relatively simple. At first, daily discharge time series were re-arranged into water years (i.e., July to June) and then the annual maximum discharge was identified for each year.
The POT series identifies floods based on a specified flow threshold and the series contain all floods irrespective of their size and year of occurrence. The analysis of the POT approach requires a threshold discharge to be selected to differentiate flood from non-flood conditions. However, a single flood may have multiple consecutive peaks, so a second step is required for consecutive peaks to be considered independent. This typically involves specifying a minimum time period for which discharge must be below the threshold value for consecutive floods to be considered independent. It is recommended that a range of threshold values are explored and, for each gauging station, a peak over threshold analysis is conducted using a stepped sequence of thresholds [23] . To differentiate between two consecutive floods, a threshold of 15 days was used for the three large catchments (Site ID 120, 130, 136 on Figure 1 ) and a threshold of 10 days was used for the remaining catchments, as recommended by Lang et al. [23] .
In addition to the AM and POT flood series, the BF flood series were derived to overcome some of the uncertainties in deriving a POT series. While the AM series excludes some historical floods, the POT series may produce some unrealistic floods depending on the selection of the flood threshold value in the analysis. One way to reduce this uncertainty is to use an actual flood discharge as the POT value corresponds to a specific flood category as shown in Figure 2 . As our interest is to quantify small magnitude floods, the BF series was produced by taking account of all floods equal to or greater than the initial flood category and the flood series were extracted by using the initial flood discharge as the flow threshold. The initial flood discharge corresponds to the first occurrence of over bank flow and is conceptually slightly greater than the BF discharge ( Figure 2 ). The BF flood series were identified from the stage-discharge relationship and river bank elevation at the gauging site. Often an inflection point on the stage-discharge relationship indicates the BF discharge. In an earlier study, Wallace et al. [30] derived initial flood levels for all GBR catchments based on historical flood data and river bank heights. This study used the flood levels reported in Wallace et al. [30] and gauged water level and discharge data to estimate BF discharge. An average discharge value corresponding to initial flood level for the entire data record was used to estimate the flood threshold. Accordingly, the BF flood series were generated for each of the 24 study catchments using the POT approach. Historical flood frequencies were estimated based on number of floods in the BF series and the length of data record.
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A total of five flood indicators based on the AM, POT and BF series were selected to estimate frequency of small magnitude floods and to compare frequency estimates between flood series (Table  1 ). This approach is consistent with previous studies (e.g., [13, 17, 30] ). While AM and POT indicators are commonly used for flood frequency, BF discharge is specific to this study and is introduced to construct actual flood series. 
A total of five flood indicators based on the AM, POT and BF series were selected to estimate frequency of small magnitude floods and to compare frequency estimates between flood series (Table 1) . This approach is consistent with previous studies (e.g., [13, 17, 30] ). While AM and POT indicators are commonly used for flood frequency, BF discharge is specific to this study and is introduced to construct actual flood series. 
Variability Analysis
The inter-annual variability of flood magnitude across the GBR lagoon catchments was estimated using the commonly used Flash Flood Magnitude Index (FFMI). The FFMI is one of several measures used to identify variability in flood magnitude within and between years [13] . In the past, the FFMI has been used to characterise flood variability in Australian rivers [32] . The FFMI is calculated as the standard deviation of the logarithm of AM flood series as follows:
where Q m is the mean of the AM flood series, N is the number of floods. One characteristic of this measure is that low magnitude floods strongly influence this index [32] and the ecological significance of low magnitude floods is high [4] . This characteristic is particularly important for the GBR lagoon catchments where many rivers are ephemeral or experience multi-year periods of low flow condition.
Frequency Analysis
Flood data are examined within a magnitude-frequency framework which requires the estimate of the average recurrence interval for each flood. The recurrence interval (T r ) of a flood in a series is the average time interval which the given discharge will be equaled or exceeded once. Discharge data were ranked in descending order and an average recurrence interval was calculated using the Gringorten plotting position formula [33] defined as:
where n is the number of years of data and m is the sample rank based on a descending flood series. A flood with a recurrence interval of T r years is denoted as Q T . Based on observed flow data and the magnitude-frequency relationship, flood frequency models were developed using different probability models. Both in Australia and North America, the Pearson Type 3 distribution fitted to the log-transformed flood series, referred to as the Log Pearson 3 (LP3) distribution, has traditionally been recommended for flood frequency modelling [34] . In a recent study based on a large set of Australian flood data, Rahman et al. [35] recommended comparing LP3, Generalised Extreme Value (GEV), and Generalised Pareto (GPA) before selecting a distribution. A common way of testing a best fit probability distribution is to compare an L-moment ratio diagram [36] . Based on recommendations from previous studies (e.g., [35, 37] ), five frequency models, GEV, GPA, LP3, Log Normal (LN) and Weibull (WB) were tested using L-moment ratio diagrams. Frequencies of small floods ranging from 1 to 20 years were estimated using the best fit models. Flood frequency estimates based on the AM and POT series were evaluated compared to the BF series. The flood frequency analysis was conducted using an extreme value analysis package in R [38] .
Results
Historical Floods
The rivers in the GBR lagoon catchments experience a range of flood and flow regimes, having on average two to three floods in a year to less than one flood in some areas (Table 2) . Catchments in the northern part of the GBR lagoon experience more than one flood per year (Site ID 102 to 117). For those catchments in close proximity to the coast, tropical cyclones commonly produce high-magnitude, short-duration floods. Compared to the wet tropical region (Site ID 108 to 116), catchments in the relatively dry climate (Site ID 120 to 138) experience less frequent floods (on average less than one flood in a year). Catchments in the wet tropical region are subject to frequent flooding because of frequent and intense rainfall (mean annual rainfall~2000 mm) and high antecedent soil water conditions [39] . Flood variability, as measured by FFMI, varies considerably across the GBR catchments ( Table 2 ). The FFMI ranges from 0.15 (Tully) to 0.91 (Kolan) and 50% of the gauges recorded a FFMI of 0.45 or more ( Figure 3 ). The GBR catchment observed a very similar mean FFMI to other Australian and South African rivers, however, the value is considerably larger compared to the rivers from the rest of the world (Table 3) Figure 4 represents a typical example of comparing estimated flood magnitudes of different recurrence intervals for the AM, POT and BF series. For this example, differences in flood magnitude between the different methods occur mostly for the floods of 3 years or less recurrence intervals. Results clearly indicate that the AM series underestimates the low magnitude flood frequency for all catchments irrespective of catchment properties. However, the scale of underestimation depends on flood flow regimes of a catchment. As expected, the POT series produce better estimates for low magnitude floods because the series takes into account all floods above the threshold. Figure 4 represents a typical example of comparing estimated flood magnitudes of different recurrence intervals for the AM, POT and BF series. For this example, differences in flood magnitude between the different methods occur mostly for the floods of 3 years or less recurrence intervals. Results clearly indicate that the AM series underestimates the low magnitude flood frequency for all catchments irrespective of catchment properties. However, the scale of underestimation depends on flood flow regimes of a catchment. As expected, the POT series produce better estimates for low magnitude floods because the series takes into account all floods above the threshold. Figure 4 represents a typical example of comparing estimated flood magnitudes of different recurrence intervals for the AM, POT and BF series. For this example, differences in flood magnitude between the different methods occur mostly for the floods of 3 years or less recurrence intervals. Results clearly indicate that the AM series underestimates the low magnitude flood frequency for all catchments irrespective of catchment properties. However, the scale of underestimation depends on flood flow regimes of a catchment. As expected, the POT series produce better estimates for low magnitude floods because the series takes into account all floods above the threshold. While the POT method produces better estimates of flood magnitudes for small magnitude floods, frequency estimates for different series could differ between two or more POT series. Figure 5 shows examples of estimated flood magnitudes using 3 thresholds (POT1, POT2 and POT2.5) for two climatically different river catchments. In both cases, estimates of flood magnitude for different recurrence intervals differ based on the POT value. However, the difference is relatively small for the wet tropical catchment (Site ID 113) where floods are frequent (Figure 5a ) compared to the dry tropical catchments where floods are less frequent (Figure 5b) .
It is interesting to note that lowering the POT threshold does not necessarily increase the flood frequency even though it produces more floods; in fact, a low flood threshold decreases the frequency ( Figure 5) . Results suggest that a low threshold value may merge two or more large magnitude floods into a single one, and consequently, reduce frequency of flooding in many instances (Table 4) . It is also noted that a low threshold produces some unrealistic floods at the bottom end of the frequency curve (i.e., small magnitude, Figure 5b ). While the POT method produces better estimates of flood magnitudes for small magnitude floods, frequency estimates for different series could differ between two or more POT series. Figure 5 shows examples of estimated flood magnitudes using 3 thresholds (POT1, POT2 and POT2.5) for two climatically different river catchments. In both cases, estimates of flood magnitude for different recurrence intervals differ based on the POT value. However, the difference is relatively small for the wet tropical catchment (Site ID 113) where floods are frequent (Figure 5a ) compared to the dry tropical catchments where floods are less frequent (Figure 5b) .
It is interesting to note that lowering the POT threshold does not necessarily increase the flood frequency even though it produces more floods; in fact, a low flood threshold decreases the frequency ( Figure 5) . Results suggest that a low threshold value may merge two or more large magnitude floods into a single one, and consequently, reduce frequency of flooding in many instances (Table 4) . It is also noted that a low threshold produces some unrealistic floods at the bottom end of the frequency curve (i.e., small magnitude, Figure 5b ). Figure 6 compares flood magnitudes for the AM, POT and BF series at wet tropical (Site ID 114) and dry tropical (Site ID 119) catchments. As seen in the previous sections, in both cases the AM series underestimates discharges for lower magnitude floods (average recurrence interval (ARI) of less than 10 years). In this particular example, both the AM and POT series underestimated the frequencies compared to the BF series. It is interesting to note that the AM and POT series produced some unrealistic floods at small recurrence intervals (i.e., discharge value less than BF, Site ID 119). Results confirm that discharge is underestimated particularly in catchments that experience less frequent floods (Site ID 119) compared to those that experience frequent floods (Site ID 114). Figure 6 compares flood magnitudes for the AM, POT and BF series at wet tropical (Site ID 114) and dry tropical (Site ID 119) catchments. As seen in the previous sections, in both cases the AM series underestimates discharges for lower magnitude floods (average recurrence interval (ARI) of less than 10 years). In this particular example, both the AM and POT series underestimated the frequencies compared to the BF series. It is interesting to note that the AM and POT series produced some unrealistic floods at small recurrence intervals (i.e., discharge value less than BF, Site ID 119). Results confirm that discharge is underestimated particularly in catchments that experience less frequent floods (Site ID 119) compared to those that experience frequent floods (Site ID 114). Figure 7 shows L-moment ratio diagrams for the AM and POT flood series for the five commonly used probability models (GEV, GPA, LN, LP3, WB). Of the five models examined, the GPA model fits better to the data obtained from both the AM and POT flood series. Results are consistent with the findings by Rustomji et al. [13] for the catchments in the east coast of Australia. Consequently, the GPA model was used in the subsequent flood frequency analysis. 
Frequency Distribution Models
Frequency of Small Floods
The probability distribution model (GPA) fitted to both the AM and POT flood series provides a fairly good fit to the observed data. Figure 8 shows an example of fitted flood frequency distributions against the observed data for the AM and POT2 series for the Gauge 113,006 on the Tully River (Site ID 113 in Table 1 ). Results clearly indicate that AM series underestimates frequency of low magnitude floods. However, the scale of underestimation depends on whether the catchment experiences frequent or less frequent floods (Figure 6b ). For any catchment, irrespective of its flood flow regime, the AM series underestimates the frequency of small floods. Figure 7 shows L-moment ratio diagrams for the AM and POT flood series for the five commonly used probability models (GEV, GPA, LN, LP3, WB). Of the five models examined, the GPA model fits better to the data obtained from both the AM and POT flood series. Results are consistent with the findings by Rustomji et al. [13] for the catchments in the east coast of Australia. Consequently, the GPA model was used in the subsequent flood frequency analysis. Figure 7 shows L-moment ratio diagrams for the AM and POT flood series for the five commonly used probability models (GEV, GPA, LN, LP3, WB). Of the five models examined, the GPA model fits better to the data obtained from both the AM and POT flood series. Results are consistent with the findings by Rustomji et al. [13] for the catchments in the east coast of Australia. Consequently, the GPA model was used in the subsequent flood frequency analysis. 
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The probability distribution model (GPA) fitted to both the AM and POT flood series provides a fairly good fit to the observed data. Figure 8 shows an example of fitted flood frequency distributions against the observed data for the AM and POT2 series for the Gauge 113,006 on the Tully River (Site ID 113 in Table 1 ). Results clearly indicate that AM series underestimates frequency of low magnitude floods. However, the scale of underestimation depends on whether the catchment experiences frequent or less frequent floods (Figure 6b ). For any catchment, irrespective of its flood flow regime, the AM series underestimates the frequency of small floods. Using the fitted GPA model, flood magnitudes for 1, 2, 3, 5, 10 and 20 year recurrence intervals were estimated based on AM and POT series (Table 5) . In most cases, flood magnitude is higher for the POT series compared to the AM series for any recurrence interval between 1 and 10 years. However, the difference is relatively larger for frequent floods (e.g., 1 and 2 years interval). Table 5 . Estimated flood discharge (m 3 /s) for selected recurrence intervals using the AM and POT series for 24 gauging sites across the GBR catchments.
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Gauge Flood Series
Average Recurrence Interval (Years) 1 2 3 5 10 20 Table 6 presents the ratio of estimated flood discharge for the AM series to that of the BF series with selected recurrence intervals. Smaller ratios were obtained for more frequent floods, indicating a larger difference in the flood magnitudes. For floods with ten year or more recurrence intervals, the ratios are close to one; that is, differences in flood magnitudes produced from either method is minimal. For the most frequent flood the ratio is the smallest, which indicates a difference in flood magnitude is the largest. For recurrence intervals of 10 years or more, estimates from both methods are nearly the same (i.e., no difference in flood frequency). Results show that the selection of a frequency distribution model is less sensitive to estimates of flood magnitude. Table 6 . Ratio of flood magnitudes between AM and BF series for the three best fit frequency models: Generalised Extreme Value (GEV), GPA and Log Pearson 3 (LP3). Data presented here are the average of 24 gauging sites across the study region. Results show that both the AM and POT series underestimate flood magnitude compared to the BF series for a recurrence interval of less than 10 years. However, the difference is relatively smaller for the POT series compared to the AM series. It can be seen that the difference in estimates of flood magnitude between the AM and BF series is relatively small for a wet tropical catchment (Figure 9a) compared to a dry tropical catchment (Figure 9b ). While the POT flood series produces a similar recurrence interval compared to the BF floods for a wet tropical catchment, predictions are less accurate for a dry tropical catchment (Figure 9b ). 
Average Recurrence Interval (Years)
Monthly Flood Frequency
Selection of a flood series influences the frequency of floods between months. Results show that both the AM and POT series differ from the actual monthly flood frequency ( Figure 10 ). As the AM series excludes many historical floods, it reduces the frequencies at which a flood is designated to occur within months. The partial series overestimates frequencies compared to the BF series at a monthly timestep if a small threshold is used and underestimates monthly frequencies if a large threshold is used. We noticed that the impact of the flood series is different between catchments. For the wet tropical catchments, where floods are frequent, the AM series underestimates the flood frequencies between months. While the partial series better predicts the monthly floods for the wet tropical catchments, it overestimates flood frequency for dry tropical catchments where floods are less frequent. 
Discussion
Both flood magnitudes and frequencies vary between catchments based on physical (e.g., catchment size) and climatic (e.g., rainfall) conditions. Catchments located in the wet tropical region (Site ID 108 to 116) experience more frequent floods than those located in the southern dry tropical parts (Site ID 120 to 138). The main reason for high flood frequency in the wet tropical region is the high seasonal rainfall and tropical cyclones, as reported in Alexander et al. [29] . The frequency of flood influences the flood variability; in general, catchments experiencing frequent floods show less variability between floods (e.g., Tully and Mossman catchments). Flood variability is generally high for large catchments, primarily due to large variations in flood magnitudes.
Five frequency distribution models were tested for their goodness of fit. Between frequency models, GEV, GPA and LP3 were found to better represent the flood series data for the GBR lagoon catchments. While the GPA model produced a best fit to historical floods (Figure 7) , estimates based on GEV and LP3 models are close to estimates produced by the GPA model (Table 6 ). This suggests that any of these three statistical distribution models are suitable to estimate flood magnitudes for the GBR lagoon catchments. Results are consistent with the studies of Rustomji et al. [13] and Rahman et al. [35] . There are no significant differences in estimates of flood magnitude between the three selected frequency models (GPA, GEV and LP3).
Most differences in frequency estimates were found for the small magnitude floods (e.g., one year recurrence interval). While both series produce similar results for engineering applications (i.e., large floods), these results have important considerations for the methods by which the flood regime of floodplain ecosystems are assessed. The POT series includes more floods than the AM series; therefore the frequency of small to medium floods is higher compared to the AM series. The main advantages of the POT series are that the series excludes insignificant floods and produces more data points, which in turn improves the accuracy of frequency estimates, especially if the data length is short [18] . However, the POT series is less commonly used in flood design studies because of the complexity in identifying independent floods and obviously there is no significant improvement in results compared to the AM series for large floods [16] . Therefore, the AM series serves the purpose for any engineering design (e.g., bridge, culvert, levee bank).
One of the main disadvantages of the POT series is the selection of the threshold value. Without prior knowledge of actual flood flow, it is difficult to identify a realistic flood threshold value. As the threshold selection is an iterative process, one could easily choose any higher or even lower threshold value, but the lower threshold provides some advantages regarding sample size, and the results of statistical tests were considerably better if more data points are added. Historically, the AM series was used because of its greater computational convenience and avoidance of dependence problems.
While previous studies (e.g., [14, 16, 20, 21] ) as well this study clearly indicate that the POT series better estimates small magnitude floods compared to the AM series, the POT method is not error free. As the selection of a POT discharge is an iterative process, it can produce fewer or greater numbers 
While previous studies (e.g., [14, 16, 20, 21] ) as well this study clearly indicate that the POT series better estimates small magnitude floods compared to the AM series, the POT method is not error free.
As the selection of a POT discharge is an iterative process, it can produce fewer or greater numbers of floods compared to historical floods and there are still uncertainties on frequency estimates based on POT series. As seen in the results section, flood frequency estimates are better if the POT discharge is close to actual flood discharge. Therefore, prior knowledge of actual flood discharge is useful for investigating flood frequencies using the POT method.
One of the main findings of this study is that neither the AM nor the POT series can produce frequency of small magnitude floods accurately, although the POT based estimates are better compared to the AM series. The analysis based on actual flood discharge shows that the POT series can underestimate the flood frequency (Figure 9 ), although the difference between the POT and BF series is relatively small. Similar to the AM series, the POT series also produces insignificant floods if a small flood threshold is used ( Figure 6 ). For example, a low threshold value for the POT method can grossly overestimate monthly frequency of floods ( Figure 10) . Also, results showed that the difference in frequency estimates between the AM and POT series compared to the BF series differ across the region. For example, for a wet tropical catchment where floods are frequent, the POT series very much mimics the BF series estimates, but for a dry tropical catchment where floods are less frequent, the POT series estimates differ from the BF series. Therefore, a good way of reducing uncertainty in POT method is to identify the BF discharge and use the BF discharge as the flood threshold. However, there are also uncertainties on observed flow data as the discharge is often calculated using a single rating curve for in-bank and overbank flow. More research is needed to produce a better rating curve, especially for overbank flow conditions. This will help in quantifying bankfull discharge using stage-discharge relationship and river bank height.
Conclusions
This article presents results from an analysis of low magnitude floods in the Great Barrier Reef lagoon catchments along the north-east coast of Australia. Flood frequency analyses were carried out with the AM and POT series. While both methods produce similar magnitudes for large floods, considerable differences were calculated for small floods ranging from one to five years average recurrence interval. For a mean annual flood (i.e., average recurrence interval of one year), discharge estimates based on the AM series are approximately one third of the magnitude of POT series estimates and the ratio converges to one in between the five to ten year recurrence interval for the majority of the rivers in the GBR lagoon catchments. This study also found that estimates of flood magnitude vary between the probability models, but the difference is small. Results also suggest that there is a difference in flood estimates based on a subjective threshold compared to the actual flood threshold corresponding to the BF discharge. One important finding is that the estimated flood discharge for a particular recurrence interval decreases with decreasing flood threshold, due to the merging of two or more floods at lower thresholds. Also, results showed that the impact of the flood threshold is insignificant for a river catchment experiencing frequent flooding (e.g., Site ID 113), while the difference in flood magnitudes for different POT series is pronounced for a dry tropical river where flooding is less frequent.
These results suggest that the AM series is not suitable for predicting low magnitude floods, especially for floods with an average recurrence interval of five years or less, as it significantly underestimates the magnitude. While this study included only one gauging site in each river catchment, the results of this study are consistent with previous studies for the region and across the world. Findings of this research are significant for future studies on ecology, as many of the ecological aspects are largely influenced by the frequency of floods.
